To increase the diversity in the food system from seed to fork, participatory on-farm breeding schemes have been proposed. For participatory on-farm breeding schemes to be successful, consumers need to be willing to compensate farmers for their efforts in breeding and in diversifying their cultivation. Using vegetables as an example, we investigated whether consumers of four selected European countries liked the idea of having farmers breed their own varieties and whether they would be willing to pay a premium for farmers' as compared to standard varieties in a supermarket setting. The data was collected in an online survey and a willingness to pay was elicited using a contingent valuation approach. After providing respondents with information about the problem (diversity loss), solution (on-farm breeding), and the benefits of farmers' varieties, consumers' acceptance was very high and consumers were willing to pay a small premium. Our findings suggest that farmers' varieties can be appealing to a wide range of consumers if the appropriate information is provided, as they not only address the increasing demand for more sustainable products but also for more food diversity and tasty products. To our knowledge, this is the first study to examine consumer preferences for farmers' varieties for food system diversity.
and disease management and has the potential to enhance pollination services, continuous soil biomass cover, carbon sequestration and preventing soil erosion. In addition, Dwivedi, Ceccarelli [2] stated, that plant landraces provide genetic resources that meet current and new challenges for farming in stressful environments. Moreover, according to Biodiversity International [4] , the loss in agrobiodiversity also leads to a lower food diversity available for consumers, preventing healthy and sustainable diets.
Politics took up the topic, namely UNEP with the CBD-Convention on Biological Diversity (1992) and FAO with the IT PGRFA-International Treaty on Plant Genetic Resources for Food and Agriculture (1997) . Both the CBD and IT PGRFA are intended to preserve plant genetic diversity for a varied diet and to allow the adaptation to a changing environment [16, 17] . In line with the CBD and IT PGRFA, the European Union (EU) introduced the issue of in situ conservation of plant genetic resources into its seed legislation and allowed the use of conservation varieties or amateur varieties with no intrinsic value for commercial crop production [9] .
Since the implementation of the CBD and IT PGRFA, if not earlier, the conservation of phytogenetic resources is a task of the state. Public institutions preserve seeds primarily ex-situ, in so-called gene banks, so that they are only rarely used for food production [18] . In addition to public institutions, private networks and their umbrella organizations are involved in the conservation of crop and food diversity [16, 19, 20] . Examples of umbrella organizations for such networks in Europe are Arche Noah in Austria, Red Andaluza de Semillas in Spain, Réseau Semences Paysannes in France, Rete Semi Rurali in Italy and ProSpecieRara in Switzerland and Germany. The main focus of their work is on in situ conservation, namely the cultivation of different species and varieties in agriculture and horticulture.
To increase the diversity of crop species and varieties for farmers, some networks are involved in participatory on-farm breeding schemes (POFBS). By doing so, they enable the continuous adaptation of crop varieties to local environmental conditions [18, 21] . Starting at the very root, these schemes empower farmers to make use of the large genetic diversity in crops neglected over the years. Moreover, they again breed and multiply their own seeds, leading to locally adapted crops, more diverse agricultural landscapes and a more diverse offer of food [13, 14, 22] .
The use of agrobiodiversity in food production can support the transition to a more sustainable and resilient food system [23] [24] [25] . Embedding of crop genetic diversity in food systems for more sustainability and resilience involves the entire food system from farmer to consumer [2, 26] . This is why most of the networks mentioned above are also involved in the processing and marketing of more diverse food products and communicate to consumers about the importance of phytogenetic resources for agriculture and nutrition [16, 26] .
For participatory on-farm breeding schemes to be successful and long-lasting, consumers need to be willing to compensate farmers for their efforts in breeding locally-adapted crop varieties and in diversifying their cultivation [23, 27, 28] . As previous literature shows, consumers are willing to pay more for foods they perceive as more sustainable and/or of higher quality [29] . This is not only the case for national, regional, or local foods, particularly tasty foods, and organic foods [30] [31] [32] , but also traditional or old vegetable or fruit varieties or animal breeds, as they are typically associated with a particular locality, region or country, cultural heritage and exceptional sensory characteristics [27, [33] [34] [35] [36] [37] [38] [39] . In fact, a recent study by Tyack and Ščasný [40] shows, that consumers are even willing to pay for ex-situ conservation of genetic resources.
As participatory on-farm breeding schemes clearly increase the sustainability of food systems, both on the environmental and the social dimension, crop varieties stemming from these schemes, so-called farmers' varieties, should generate a significant value-added for consumers. In order to fully realize this value-added on the market, communication should address both sustainability dimensions [28] . It should highlight the various (public and private) benefits of cultivated diversity [41] and the empowerment of farmers as a consequence of on-farm breeding. Concepts like biodiversity or agrobiodiversity should rather not be used in communication, as these concepts are too abstract for consumers [42] .
To our knowledge, there has not been any study so far investigating consumers' valuation of farmers' varieties. With the present study, we intended to fill this gap. Using vegetables as an example, we investigated whether consumers liked the idea of having farmers breed their own, locally-adapted varieties and whether they would be willing to pay a premium for farmers' varieties. Farmers' varieties were defined as "more diverse, locally adapted, healthy, and tasty products resulting from the breeding and multiplication of seeds by farmers" [43] . Consumers' willingness to pay (WTP) was elicited in an online survey using a contingent valuation approach. As this research was part of the EU funded project DIVERSIFOOD, it was conducted in four European countries with a background in participatory on-farm breeding, namely Switzerland, France, Italy, and Spain.
To make the value-elicitation task as realistic as possible, WTP was elicited for a concrete product-tomatoes-and in a specific setting-the supermarket. In addition, based on a respondent's preferences, tomatoes were: (1) neither organic nor local, (2) organic, (3) local, or (4) organic and local, leading to four consumer segments: (1) non-organic and non-regional buyers, (2) organic buyers, (3) regional buyers, and (4) organic and regional buyers. Tomatoes were chosen as sample products, as they are a very popular vegetable in all four countries studied. The supermarket was chosen as a valuation setting because most consumers are familiar with this purchase channel.
To identify determinants of WTP but also to give advice on targeted communication for farmers' varieties, we also investigated respondents' current vegetable purchase behavior, their awareness of the loss in cultivated diversity, and their approval of farmers' varieties as a way to increase the diversity in the food system.
With this research we wanted to answer the following questions:
• Are consumers aware of the loss in cultivated diversity, its causes, and consequences (problem awareness)? How does consumers' problem awareness differ between countries and consumer segments? • Do consumers approve of the idea of farmers' varieties as a means to increase the diversity in the food system (solution approval)? How does consumers' solution approval differ between countries and consumer segments? • Would consumers be willing to pay a premium for farmers' tomato varieties (consumers' valuation)?
What are the determinants of potential differences in WTP among consumer segments?
In this study, food system diversity is defined as an umbrella term, including diversity on all levels of the food value chain, from the crop species and varieties cultivated by farmers to the food diversity available to consumers. Hence, by food diversity, we do not mean the diversity of food product categories or the diversity which is created through the use of different processing technologies, but the diversity of food which is created through the cultivation of diversity in crop species and varieties.
The next section outlines the methodology applied, followed by the presentation of the empirical results. The final section provides a discussion, including the study's limitations and recommendations for future research, and a conclusion.
Methodology

The Elicitation of Willingness to Pay
To estimate consumer demand (maximum willingness to pay (WTP)) for novel products and attributes researchers can either turn to contingent or experimental market valuation methods [44] . In market research contingent valuation is widely used, particularly in the form of direct questions asking individuals for their maximum WTP "contingent" on a given hypothetical scenario [45] . Compared to experimental market valuation methods it is often argued that contingent valuation methods are less precise or even biased due to the hypothetical value elicitation environment [46] . However, if a contingent valuation study is carefully done, following the quality requirements specified by Carson [47] , it can produce estimates that are reliable enough as a starting point to determine the consumer demand for a new product.
In the present study, we used a contingent valuation approach which was introduced by the Dutch researcher Peter van Westendorp and is known as Price Sensitivity Meter (PSM) or van Westendorp method [48] . PSM has become very popular in market research [49] . Compared to methods like discrete choice experiments or experimental auctions, it is easier to use, less expensive and more straightforward regarding the analysis and interpretation of results [49] . Furthermore, it allows us to determine not only consumers' maximum WTP for a product but also the price consumers would perceive as a product's normal or market price [48, 50] .
As we were interested in measuring consumers' WTP a premium for farmers' tomato varieties, we used a within-subject design. That is, we elicited WTP twice, once for tomatoes currently available in supermarkets and once for farmers' tomato varieties. In between, the concept of farmers' varieties was introduced to consumers along with a label (see Figure 1 through 4 in Section 2.3). In both WTP elicitation tasks, tomatoes were either non-regional and non-organic, organic (but not regional), regional (but not organic), or organic and regional. The labeling scenario applied, was chosen by the respondents, based on their own labeling preferences.
Since WTP was elicited for four different countries and four different labeling scenarios, the results in Section 3 are presented by country and scenario. Consumers who preferred non-organic and non-regional labeling are related to as non-organic and non-regional buyers (Segment 1), those preferring organic labeling only as organic buyers (Segment 2), those preferring regional labeling only as regional buyers (Segment 3) and those preferring organic and regional labeling as organic and regional buyers (Segment 4).
For the comparison of results between countries and segments, we used the chi-square test-for categorical variables-and the t-test (one-way ANOVA)-for numeric variables.
The Price Sensitivity Meter
The PSM is based on four direct, price-related questions. The question wording can vary, but generally takes the following form:
• Q1: At which price would you consider the product to be cheap-a great buy for the money? • Q2: At which price would you consider the product to be expensive, but you would still consider buying it? • Q3: At which price would you consider the product to be too expensive for you to not consider buying it? • Q4: At which price would you consider the product to be too cheap that you would question its quality?
Respondents can either be provided with a number field, where they can fill in their answers (open format) or a scale, from which they can pick an answer (closed format). Once the PSM data has been collected, it is used to calculate four price points: the lower and upper price bound (the range of acceptable prices), the indifference price (the perceived normal or market price), and the optimum price (the price at which the highest market penetration can be expected). The indifference price occurs at the intersection of the cumulative distribution of Q1 and Q2, the optimum price at the intersection of the cumulative distribution of Q3 and Q4, the lower price bound at the intersection of the cumulative distribution of Q2 and Q4, and the upper price bound at the intersection of the cumulative distribution of Q1 and Q3.
To obtain consumers' valuation of farmers' varieties, two measures were considered most appropriate, namely, respondents' maximum WTP, as provided by the responses to Q2 [49] , and the price respondents would perceive as the product's normal or market price, that is the indifference price. Hence, we focused on the responses to Q1 and Q2.
Data Collection and Sample Characteristics
The data for this study were collected using an online survey, which took place in August 2017 (10th to 21st of August). The participants were recruited from the LINK and Norstat internet panels in Switzerland, France, Italy, and Spain, using random sampling with a proportional fixation for age, gender, and region. To be eligible for the survey participants had to be (i) between 18 and 79 years old, (ii) responsible for food shopping, (iii) consuming vegetables, and (iv) not working in the food or marketing sector. Participants not consuming tomatoes were not excluded from the whole survey, but they were excluded from the WTP elicitation task. However, for the present study participants not consuming tomatoes were excluded, as the study's focus was on WTP for farmers' varieties.
Persons meeting these requirements were asked to participate in a study on food quality, lasting about 20 min, and were promised to receive an incentive of 200 points (10 points/min), worth 1.74 Euros, which they could add to their personal account or donate. By August 21st a total of 2067 online interviews had been conducted, of which 500 in Switzerland, 496 in France, 505 in Italy and 566 in Spain. With 2392 consumers initially reached (willing to participate), this corresponds to an average incidence rate of 86%. Table 1 shows the distribution of the total sample and the country samples with respect to gender, education, income, and age. The variable region is not shown here due to a large number of categories. For all four country samples, sampling weights were applied for age, gender, and region. Therefore, all four samples can be considered as representative of the target population. With respect to gender and age, the country samples have a comparable structure: The proportion of female and male respondents is almost balanced and the average age is between 45 and 47 years. With respect to education and income the sample structure differs across countries: In Switzerland, both education and income are significantly higher than in the total sample and in France education. In Italy and Spain, both education and income are significantly lower than in the total sample. 1 Numbers in square brackets stand for number of respondents. 2 Shares and means are weighted. 3 For categorical variables: Numbers below shares correspond to the standardized residual of the chi-square test. If a standardized residual is less than −2 (red), the cells observed frequency is less than the expected frequency (based on the distribution in the total sample), if it is greater than 2 (blue), the observed frequency is greater than the expected frequency (based on the distribution in the total sample). 4 For numeric variables: The letters below the mean values indicate whether a value is significantly different from another value, as calculated by a one-way ANOVA. S: significantly different from Switzerland, F: significantly different from France, I: significantly different from Italy, E: significantly different from Spain, ns: no significant difference.
The Survey
The survey consisted of the eight parts listed below. WTP was elicited in part 4 and 7. Information on farmers' varieties was provided in part 6.
(1) Welcome and Introduction.
(2) Screening (eligibility test, including tomato purchase frequency) and quota management (identification of age, gender, and region). (3) Current food purchase behavior: Importance of purchase criteria for vegetables. (4) WTP for preferred tomato offer in a supermarket setting using open-format PSM (baseline) (see Figure 1 ). (5) Problem awareness: agreement/disagreement with a set of eleven statements on a scale from 1 (fully disagree) to 10 (fully agree), including do not know (see Appendix A Table A1 variable ATT BDIV to ATT STD). (6) Information treatment: presentation of problem (loss in diversity) and possible solution (farmers' varieties to increase diversity) (see Figures 2 and 3 ), solution approval (yes/no/yes and no), ranking of a hypothetical label for farmers' varieties on a scale from 1 (the lowest rank = most important) to 10 (the highest rank = least important). (7) WTP for the farmers' varieties version of the preferred tomato offer using open-format PSM (see Figure 4 ). (8) Socio-demographic characteristics (including organic purchase frequency).
In part three of the questionnaire, participants first completed a maximum difference scaling task on the importance of nine vegetable purchase criteria. The task consisted of a total of five choice sets with four purchase criteria each, of which participants always had to choose the most important and the least important one. Therefore the task is also referred to as a best-worst scaling task. Choice sets varied across respondents according to a fractional factorial design. Both the set-up of the design and the calculation of the importance scores of vegetable purchase criteria were carried out by the market research institute LINK using Sawtooth Software package SSI Web 9.8.0 (https://www.sawtoothsoftware.com/). Importance scores typically range from 1 (least important) to 100 (most important). A score of 1 to 33 corresponds to low importance, a score of 34 to 66 corresponds to medium importance, and a score of 67 to 100 corresponds to high importance. In part four, participants were then asked to choose their preferred tomato offer from a set of four tomato offers, which are shown in Figure 1 , and to indicate their WTP for that offer. Importantly, these tomatoes were neither framed as farmers' nor as industrial varieties. They were simply meant to represent the current offer of tomatoes available in supermarkets. It is also important to note here, that each consumer chose and valued only one of the four offers. In this way, the value elicitation task could be framed according to a respondent's preferences and thus be rendered more realistic. In addition, it allowed us to allocate each consumer to one of four consumer segments: (1) non-organic and non-regional buyers, (2) organic buyers, (3) regional buyers, (4) organic and regional buyers.
As explained in Section 2.1, WTP was elicited using the Price Sensitivity Meter (PSM). The question wording was as follows: In part five of the questionnaire, we measured respondents' problem awareness by obtaining their agreement/disagreement with eleven statements on diversity, breeding, seed exchange, traditional varieties and sensory attributes (see Appendix A Table A1 variable ATT BDIV to ATT STD). In the next part, part six, farmers' varieties were introduced to all participants, along with a generic label-the Diversifood Label. The information given consisted of two parts: (1) raising awareness about the problem of a highly standardized food system (problem-related information, see Figure 2 ), (2) farmers' varieties, as marked by the Diversifood Label, as an idea to solve that problem (solution-related information, see Figure 3 ). Subsequently, the information provided was evaluated by asking respondents whether they liked the idea of farmers' varieties and by having them rank the hypothetical Diversifood Label from 1 (lowest rank = most important) to 10 (highest rank = least important). Respondents who liked the idea of farmers' varieties were forwarded to part seven, where they were asked the same four PSM questions as listed above, but this time for the farmers' varieties version of their preferred tomato offer (see Figure 4 ).
In part eight, the last part of the questionnaire, we obtained the respondents' sociodemographic characteristics. 
Results
In the following subsections, we will present the survey results for the whole sample as well as by country and consumer segment. In Section 3.1, we will focus on respondents' vegetable purchase behavior (including their preferred tomato offer), problem awareness, and approval of farmers' varieties (solution approval) and show country-specific differences. In Section 3.2, we will describe the four consumer segments with respect to socio-demographic characteristics, vegetable purchase behavior, problem awareness, and approval of farmers' varieties and show segment-specific differences. In the last subsection, we will then present the WTP for farmers' varieties for each country by consumer segment.
3.1. Vegetable Purchase Behavior, Problem Awareness, and Approval of Farmers' Varieties: Total Sample and Country-Specific Differences Table 2 shows respondents' vegetable purchase behavior (including their preferred tomato offer), problem awareness, and approval of farmers' varieties by country. The table is split into nominal and continuous variables.
The average organic purchase frequency (variable ORG PUR), which was measured on a scale from 1 (never) to 6 (very often), was rather high (average value of 4.0), with no relevant differences among countries.
From the nine purchase criteria for vegetables (variables IMP REG through IMP SH/SI), regional and national provenance and taste were the three most important criteria. The least important purchase criteria were traditional/old variety, color, and shape/size. In the midfield were the criteria organic, appearance, and price. However, on the level of the individual countries, there were some significant and relevant differences. For Swiss respondents, both regional and national provenance were the most important criteria and were significantly more important than for the other respondents. In addition, as in France, respondents in Switzerland put significantly less weight on appearance. For Spanish respondents, the taste was by far the most important criterion and was significantly more important than in Switzerland and Italy. Furthermore, regional and national provenance were significantly less important in Spain than in the other three countries. The criterion organic was most important in Italy and least important in Switzerland. The criterion price was most important in Spain and the least important in Switzerland.
From the total of four tomato offers (variable OFFER), respondents strongly preferred tomato offer three (regional offer) and four (organic and regional offer). Among these two offers, the latter was clearly favored, with 34% of the respondents preferring the regional offer and 40% preferring the organic and regional offer. Interestingly, but in line with the findings above, the opposite was true for Switzerland, where 43% preferred the regional offer and 30% the organic and regional offer. Hence, speaking of consumer segments, regional buyers, as well as regional and organic buyers, clearly dominated in all four countries.
The statements, respondents agreed with the most (on a scale from (1) Fully disagree, to (10) Fully agree) were the two statements on breeding (variable ATT BREE1 and variable ATT BREE2) and the statement on appearance (variable ATT APP). Generally, the level of agreement was rather high for most statements and quite similar across countries, except for five statements, which Swiss respondents agreed with significantly less than the other respondents: the statement on marking industrial varieties (for which agreement was highest in Italy) (variable ATT IND), the statement on the availability of traditional and old varieties (variable ATT TRA), the statement on varietal diversity (variable ATT DIV), the statement on taste loss (for which agreement was highest in Spain) (variable ATT TAS), and the statement on standardization (variable ATT STD). Also, the agreement with the statement on agrobiodiversity (ATT ABDIV), which was highest in France, was quite low in Switzerland (but also in Spain). In contrast, the statement Swiss respondents most strongly agreed with, was the one on biodiversity. Hence, if the overall level of agreement per country is interpreted as a country's level of problem awareness, Switzerland was found to be the country with the lowest problem awareness. 3 For categorical variables: Numbers below shares correspond to the standardized residual of the chi-square test. If a standardized residual is less than −2 (red), the cells observed frequency is less than the expected frequency (based on the distribution in the total sample), if it is greater than 2 (blue), the observed frequency is greater than the expected frequency (based on the distribution in the total sample). 4 For numeric variables: The letters below the mean values indicate whether a value is significantly different from another value, as calculated by a one-way ANOVA. S: significantly different from Switzerland, F: significantly different from France, I: significantly different from Italy, E: significantly different from Spain, ns: no significant difference. 5 In variable ATT BDIV through ATT STD respondents had the option to answer "don't know/no answer". Therefore n is smaller. 6 Respondents who did not like the idea of Diversifood were excluded.
The approval of the idea of farmers' varieties (variable DFLIKE), which was obtained after the information treatment was provided, was very high in all four countries, with 80% of the total sample liking the idea and 15% partly liking it. In addition, on a ranking scale from 1 (most important) to 10 (least important), the Diversifood Label obtained an average rank of 4.4, which corresponds to medium importance. With a value of 3.8, Italian consumers judged the Diversifood Label as significantly less important than consumers from Switzerland, France, and Spain. With a value of 3.8, the rank was lowest (and the importance highest) for France. Table 3 shows sociodemographic characteristics, vegetable purchase behavior, problem awareness, and approval of farmers' varieties for each consumer segment (O1 to O4) in each country. O1 corresponds to non-organic and non-regional buyers (consumer segment one), O2 to organic buyers (consumer segment two), O3 to regional buyers (consumer segment three), and O4 to organic and regional buyers (consumer segment four). The table is again split into nominal and continuous variables.
Sociodemographic Characteristics, Vegetable Purchase Behavior, Problem Awareness, and Approval of Farmers' Varieties: Segment-Specific Differences
Consumer segments did not differ with respect to age (variable AGE) or gender (variable GEN), but with respect to education (variable EDUC) and income (variable INC). Both education levels and income levels tended to be lower in segment one and higher in segment four. Furthermore, as expected, segments also differed with respect to their organic purchase frequency. Whereas respondents in segment one indicated to purchase organic products only rarely, respondents in segment three indicated to do so from time to time and respondents in segment two and four to do so often.
The four segments also significantly differed with respect to the purchase criteria importance scores. As expected, regional and national provenance were most important for regional and organic and regional buyers. The criterion taste was significantly more important for non-organic and non-regional buyers than for organic and regional buyers, except for Spain, where taste was equally important for all four consumer segments. Again as expected, the criterion organic was significantly more important for organic buyers and organic and regional buyers. Non-organic and non-regional buyers did not only differ from the other segments with respect to the importance they placed on taste but even more so with respect to the importance, they placed on appearance and price. Except for France, at least one of these two criteria was significantly more important for this segment than for the other three. 3 For categorical variables: Numbers below shares correspond to the standardized residual of the chi-square test. If a standardized residual is less than −2 (red), the cells observed frequency is less than the expected frequency (based on the distribution in the total sample), if it is greater than 2 (blue), the observed frequency is greater than the expected frequency (based on the distribution in the total sample). 4 For numeric variables: The numbers below the mean values indicate whether a value is significantly different from another value, as calculated by a one-way ANOVA. 1: significantly different from offer/segment one, 2: significantly different from offer/segment two, 3: significantly different from offer/segment three, 4: significantly different from offer/segment four, ns: no significant difference. 5 In variable ATT BDIV through ATT STD respondents had the option to answer "don't know/no answer". Therefore n is smaller. 6 Respondents who did not like the idea of Diversifood were excluded.
As shown in the previous subsection, the criteria traditional/old variety, color, and shape/size were of least importance to the respondents overall. In none of the four countries, not even one of the three criteria reached an average importance score of 34, which is the lower limit for a criterion to be qualified as at least of medium importance. However, on the level of consumer segments, the criterion traditional/old variety reached an average importance of at least 34-that is for organic and regional buyers in Switzerland as well as organic buyers and organic and regional buyers in France. The criteria color and shape/ size did not reach an average importance of at least 34, neither on national nor on the level of consumer segments, however, their importance tended to be higher for segment one than for the other three segments.
The four segments also significantly differed in their agreement with the eleven statements provided. Generally speaking, the level of agreement was higher in segment two and segment four than in segment one and three. Furthermore, the agreement was usually the lowest in segment one and highest in segment four. There were five statements with significant differences among segments in at least three countries. These were the statement on biodiversity, one of the two statements on breeding (variable ATT BREE2), the statement on marking industrial varieties, the statement on traditional and old varieties, and the statement on varietal diversity. The highest average level of agreement was reached in Switzerland for the statement on biodiversity. Organic and regional buyers in Switzerland almost fully agreed that biodiversity was important (average level of agreement = 9.1). For non-organic and non-regional buyers the level of agreement was more than two scale points lower. There was also a large difference in agreement for the statement on marking industrial varieties and the statement on traditional and old varieties. With an average level of agreement of 8.6, organic and regional buyers again almost fully agreed that they wanted to know whether a vegetable was an industrial variety or not. For non-organic and non-regional buyers the average agreement score was more than three scale points lower. For the statement on the availability of traditional and old varieties the average agreement level of organic and regional buyers was also rather high (value of 7.7) and more than two scale points higher than the average agreement level of non-organic and non-regional buyers.
In line with the findings described above, the share of respondents approving of the idea of farmers' varieties (variable DFLIKE) was significantly higher in segment four and tended to be significantly lower in segment one. However, as stated in the previous subsection, almost all respondents (a share of 95%) at least partly liked the idea. In fact, even though non-organic and non-regional buyers were less likely to approve of the idea (significant only for Switzerland), they were more likely to at least partly approve of it (significant only for Switzerland and Spain). For the hypothetical importance of the Diversifood Label (variable IMP DF), there was hardly any significant difference among segments. Only in Switzerland, the rank of this hypothetical label was significantly lower (indicating higher importance) for segment four than for segment one. This indicates that the problem-and solution-related information, which was provided to consumers before the evaluation of farmers' varieties, was appealing to a wide range of consumers, independently of the consumer segment.
Willingness to Pay a Premium for Farmers' Varieties by Country and Consumer Segment
In this subsection, we present respondents 'WTP a premium for farmers' varieties. The premium is calculated by taking the difference between respondents' WTP for their preferred tomato offer (without Diversifood Label-DF No), representing the baseline, and their WTP for the farmers' variety version of their preferred tomato offer (with Diversifood Label-DF Yes). Respondents' WTP a premium is captured by two measures: the difference in average maximum WTP and the difference in the indifference or perceived market price (for explanations see Section 2.1.1). Due to the focus on premiums in this study, we did neither remove nor correct outlying WTP values for the calculation of average maximum WTP. Table 4 provides an overview of premiums across countries and consumer segments. Since WTP strongly depends on a country's income and price levels, we only show percentages here. Absolute WTP values can be found in Tables A2-A5 13% 8% 11% 11% 15% 5% 7% 33% 5% 19% 0% 15% 5% 8% 13%
1 Numbers in square brackets stand for number of respondents. 2 Average maximum WTP and indifference price are weighted for the calculation of the %-changes. Furthermore, for respondents who did not like farmers' varieties, PSM values for farmers' varieties were assumed the same as for not farmers' varieties. 3 Indicates whether a difference in average maximum WTP was significant or not. Significance levels: 0.05: *, 0.01: **, 0.001: ***, ns: not significant (according to paired t-test).
To begin with, it is important to note that the results depended quite substantially on the WTP measure used. When calculated based on indifference prices, premiums were not only usually higher but also seemed to fluctuate more than when calculated based on average maximum WTP values. This suggests that the average maximum WTP might be a better choice for the calculation of premiums. We, therefore, focus on the premiums based on average maximum WTP here.
Furthermore, it is also important to mention that although premiums are expressed in percentages here, differences across countries could still be attributed to differences in purchasing power. The same holds for differences across consumer segments. This needs to be taken into account when interpreting differences in premiums.
Based on average maximum WTP, premiums ranged between 0% and 13% and were highest in Switzerland for all four consumer segments. The significantly higher premiums in Switzerland are most likely due to Swiss consumers' greater purchasing power and less likely due to their stronger preference for farmers' varieties. Hence, this result needs to be interpreted with care. However, what can be stated with more certainty, is that in Switzerland all four segments were willing to pay a significant premium for farmers' varieties and that the same holds for Segment 1, 3, and 4 in France, Segment 3 and 4 in Italy, and Segment 1 and 2 in Spain. Furthermore, it is also safe to say, that in Spain Segment 3 and 4 were not willing to pay a significant premium. Whether this also holds for Segment 2 in France and Segment 1 and 2 in Italy is less certain, due to the small size of the segments.
Discussions
In this study, we investigated whether consumers liked the idea of farmers' varieties as a means to increase the diversity in the food system and whether they would be willing to pay a premium for farmers' as compared to standard varieties. After informing respondents about the problem (diversity loss), the solution (on-farm breeding), and the benefits of farmers' varieties (more diverse, locally adapted, healthy, and tasty products), 80% of the respondents liked the idea and another 15% liked it at least partly. They were also willing to pay a small but significant premium for these varieties. Interestingly, farmers' varieties, as they were introduced in this study, were not only appealing to consumers with strong preferences for sustainable products (regional and/or organic products) but also for consumers for whom taste, appearance and price were among the most important vegetable purchase criteria.
Premiums for farmer's varieties were elicited for four different consumer segments per country by comparing their maximum WTP and perceived market price for 1 kg of standard tomatoes and 1 kg of non-standard tomatoes marked as farmers' varieties. Based on the difference in maximum WTP, significant premiums in Switzerland ranged from 11% to 13% (all four segments), in France from 3% to 9% (excluding organic buyers), in Italy from 4% to 7% (excluding non-organic and non-regional buyers and organic buyers), and in Spain from 6% to 10% (excluding regional and organic and regional buyers). Compared to premiums consumers are willing to pay for organic [51, 52] or regional products [53] , premiums from 3% to 13% are relatively low. However, they are comparable to the premiums consumers were willing to pay for the feature "traditional variety" in Botelho, Dinis [34] and Dinis, Simoes [27] .
Based on these results, we would suggest a premium for farmers' varieties of about 12% in Switzerland and about 6% in France, Italy, and Spain. However, in France, Italy, and Spain not all consumer segments were willing to pay a premium. Interestingly, even though most respondents liked the idea of farmers' varieties, this did not translate into the willingness to pay a significant premium in all four segments. Most unexpected was the result, that regional and organic and regional buyers in Spain were not willing to pay a premium for farmers' varieties, whereas non-organic and non-regional and organic buyers were willing to do so. This result might suggest that Spanish consumers who prefer buying vegetables in their region possibly already profit from locally adapted and particularly tasty varieties and therefore do not attribute an added value to farmers' varieties. Another explanation could be, that the purchasing power of regional and regional and organic buyers in Spain does not allow another label.
In this study, we also looked at significant differences in the importance of vegetable purchase criteria between countries and consumer segments. These insights are considered valuable for the design of effective marketing strategies that exploit country-and segment-specific differences to further increase consumers' valuation of farmers' varieties. For instance, in Switzerland regional and national provenance were not only the most important vegetable purchase criteria (from a total of nine criteria), but they were also significantly more important than in the other three countries. In addition, from a set of four tomato offers presented, Swiss consumers were also the only ones who strongly favored the regional offer (over the organic and regional offer). As shown by other studies, Swiss consumers prefer food from their own country or if possible from their own region and use respective labels as quality or even sustainability cue [54] [55] [56] . Hence, selling farmers' varieties on a regional level, possibly as regional-plus products, as they are not only from the region but also locally-adapted, might be very appealing to Swiss consumers.
Another interesting insight was the outstanding importance of Spanish consumers' placed on taste. Even on the level of consumer segments, taste was the most important purchase criterion for vegetables in Spain. Similar results were found by Botelho, Dinis [34] for consumers in Portugal and Dinis, Simoes [27] in Spain. Hence, particularly in Spain, participatory on-farm breeding schemes could involve consumers at an early stage to make sure that farmers' varieties match consumers' expectations on taste. When marketing, taste should be promoted accordingly, including vegetable tasting events.
Interesting was also the finding that Swiss and French consumers placed significantly less importance on vegetables' appearance. A closer look at consumer segments, however, revealed that it was only organic, regional, and particularly organic and regional consumers in Switzerland and France who cared significantly less about vegetables' appearance, but not non-organic and non-regional consumers. Hence, there seems to be a correlation between the purchase frequency of organic and regional food and the willingness to accept deficits in appearance. The former is confirmed by previous studies in the US [57] [58] [59] and the EU [60] . On one hand, this is great news, as farmers' vegetable varieties come in different, non-standardized shapes, sizes, and colors and might have one or the other cosmetic defect. On the other hand, it indicates that non-organic and non-regional buyers might not be an ideal target group for farmers' varieties.
Finally, it was also interesting to see that the feature "traditional and old variety", even though of rather low importance (relative to the other attributes), tended to have greater importance for organic and organic and regional consumers in Switzerland and France. Hence, these two segments might be of particular interest in the marketing of farmers' varieties. In fact, they also tend to be more aware of the importance of diversity, not only in Switzerland and France but also in Italy and Spain. As environmental concern and health are among the most important drivers of organic food purchase frequency [61] [62] [63] , this result is along the expected lines.
From a methodological point of view, this study faces several limitations. First of all, results are only valid for a supermarket setting. It is likely that consumers would have been willing to pay more in a different setting, for example, one where they feel closer to the producer, like farmers' markets, box schemes, or specialty stores [33] . In fact, according to Ruiz, García-Martínez [36] traditional tomato cultivars that are sold in local markets can be charged three to six times the price of the hybrid cultivars. Secondly, for the sake of more realistic results, we limited their comparability. That is, the comparability of WTP values across consumer segments was limited, as the segments significantly differed with respect to education and income levels (and possibly other variables, as respondents were not randomly allocated to these segments). Thirdly, consumers had to fully rely on the information provided and were not given the opportunity to verify the information by seeing, smelling, and tasting the products. Also, the label used was generic and not a real one. It is likely that this created some uncertainty and led to lower WTP values [30, 31, 33] .
Future research should further explore consumers' valuation of farmers' varieties and for example investigate the impact of different purchase channels as well as target group-specific communication strategies, including for example a label for regional-plus products in Switzerland.
Moreover, if consumers' WTP for farmers' varieties stays relatively low, in spite of a high share of consumers liking the idea, policymakers should consider creating a policy framework that is conducive to the development of farmers' varieties. It has to be acknowledged, that farmers who conserve and use agrobiodiversity in situ, contribute to food security and environmental sustainability [23] . Taking this into account, not only consumers should pay for agrobiodiversity. Complementary, payments for agrobiodiversity conservation and development as well as valorization strategies should be developed. This would include a seed regulation that enhances and promotes crop genetic diversity, incentives to cultivate diverse crop species and varieties, research programs, training and support for actors involved in in-situ conservation and participatory plant breeding and fostering information about the genetic origin of the food. Depending on the context, these measures might support a successful valorization of agrobiodiversity and increased consumer awareness.
Finally, it is important to note that consumers' WTP more for farmers' varieties not necessarily translates into more value-added for farmers. Rey, Chable [26] report cases, where there are strong relationships between farmers, processors, and consumers. However, this is not always the case. Therefore, the embedding of crop genetic diversity needs adaptations on all levels of the supply chain [26] .
Conclusions
Our study suggests that consumers in Europe prefer a food system with more diverse production systems, more autonomy for farmers and more varietal diversity and are, therefore, willing to pay a small but significant premium for so-called farmers' varieties. Whereas the concept of farmers' varieties seems to be appealing to a wide range of consumers, the analysis of different consumer segments has shown that target group-specific communication strategies could be worth exploring to further increase consumers' valuation of these products. The same holds for different marketing modes or channels. However, not only consumers should pay more for farmers' varieties. Participatory on-farm breeding schemes generate a number of benefits for society at large which is why other policy instruments should also be considered to finance and promote these initiatives. Indeed, based on the findings of the present study policymakers should consider creating a policy framework that is conducive to the development of farmers' varieties and to the increase of cultivated diversity.
Consumer research in the area of food system diversity, as it is defined in the present study, is scarce. In fact, this is the first study to focus on consumer demand for farmers' varieties. Hence, further research is needed to explore the marketability of farmers' varieties. 
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Appendix A
Appendix B
Tables A2-A5 show the WTP values for each country by consumer segment. In addition, Figure A1 , Figure A2 , Figures A3 and A4 show the cumulative frequency distributions of respondents' maximum WTP and the corresponding average values for each country by consumer segment. The blue line represents respondents maximum WTP for their preferred tomato offer, the baseline, and the green line their maximum WTP for the farmers' variety version of their preferred offer. The unbroken, red line indicates the average value of the former and the dashed, red line the average value of the latter. 1 Numbers in square brackets stand for number of respondents. 2 Average maximum WTP and indifference price are weighted. For respondents who did not like farmers' varieties, PSM values for farmers' varieties were assumed the same as for not farmers' varieties. 3 Indicates whether the difference in average maximum WTP was significant or not. Significance levels: 0.05: *, 0.01: **, 0.001: ***, ns: not significant (according to paired T-test). 4 For numeric variables: The numbers below the mean values indicate whether a value is significantly different from another value, as calculated by a one-way ANOVA. 1: significantly different from offer/segment one, 2: significantly different from offer/segment two, 3: significantly different from offer/segment three, 4: significantly different from offer/segment four, ns: no significant difference. 1 Numbers in square brackets stand for number of respondents. 2 Average maximum WTP and indifference price are weighted. For respondents who did not like farmers' varieties, PSM values for farmers' varieties were assumed the same as for not farmers' varieties. 3 Indicates whether the difference in average maximum WTP was significant or not. Significance levels: 0.05: *, 0.01: **, 0.001: ***, ns: not significant (according to paired t-test). 4 For numeric variables: The numbers below the mean values indicate whether a value is significantly different from another value, as calculated by a one-way ANOVA. 1: significantly different from offer/segment one, 2: significantly different from offer/segment two, 3: significantly different from offer/segment three, 4: significantly different from offer/segment four, ns: no significant difference. Figure A1 . The cumulative frequency distributions of maximum WTP and the corresponding average values for Switzerland by consumer segment. 1 Numbers in square brackets stand for number of respondents. 2 Average maximum WTP and indifference price are weighted. For respondents who did not like farmers' varieties, PSM values for farmers' varieties were assumed the same as for not farmers' varieties. 3 Indicates whether the difference in average maximum WTP was significant or not. Significance levels: 0.05: *, 0.01: **, 0.001: ***, ns: not significant (according to paired t-test). 4 For numeric variables: The numbers below the mean values indicate whether a value is significantly different from another value, as calculated by a one-way ANOVA. 1: significantly different from offer/segment one, 2: significantly different from offer/segment two, 3: significantly different from offer/segment three, 4: significantly different from offer/segment four, ns: no significant difference. 
